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METHOD FOR DATA PACKET
SUBSTITUTION

CROSS-REFERENCE TO RELATED
APPLICATION 5

This application 1s a continuation of U.S. patent applica-
tion Ser. No. 10/640,684, filed Aug. 14, 2003 (now allowed),
which 1s incorporated herein by reference in 1ts entirety.

10
FIELD OF THE INVENTION

The present invention relates to data processing, and more
particularly, to data packet substitution.

15
BACKGROUND OF THE INVENTION

Television systems have become increasingly complex as
consumers continue to demand greater functionality and per-
formance from television sets. Furthermore, the geographic 5
diversity and business interests of manufacturers and service
providers within the television and recording industries has
lead to a plethora of analog and digital video formats. For
example, analog video signal formats include National TV
System Committee (NTSC), Phase Alternation Line Rate -5
(PAL), and Sequential Couleur Avec Memoire (SECAM)
television signals. Example digital video signal formats
include I'TU-R-656 and Digital Video Interface (DVI).

When program channels are transmitted to customer
premise devices, such as a television or cable set top box, data 3¢
packets for program channels are typically multiplexed
together 1nto a video data stream. So, for example, program
channels, such as CNN, HBO, and ESPN can be combined
into a single data stream. When the video data stream 1s
received by a customer premise device, the customer premise 35
device olften parses the incoming stream to retain only those
packets that pertain to the channel of interest to be viewed or
recorded. The parsing process can create gaps in the data
stream where packets associated with channels other than the
channel of interest were located. The parsing of the stream 40
potentially leaves time gaps where packets were removed. A
number of approaches can be used to address the existence of
gaps. A bufler can be used to compress the remaining packets
and remove the gaps or null data packets can be inserted into
the gaps. Additionally, packets containing system or other 45
information can be substituted 1nto the gaps.

As the complexity of data processing systems increases,
the need for a robust and tlexible approach to substitute pack-
ets into a data stream, such as a video data stream, increases
without 1mpairing performance. In particular, system and 50
management information associated with a data stream 1s
likely to change as a result of adjustment 1n encryption or
organization of packets within a data stream, for example.
Moreover, different types of information may need to be
inserted into a data stream, and the different types of infor- 53
mation may have different timing requirements. Dilferent
types of information can include, for example, system 1nfor-
mation for video control, system information for audio con-
trol, overall system management imnformation, or customer
specific application information. 60

What 1s needed 1s a method for efficiently substituting data
packets 1nto a data stream.

SUMMARY OF THE INVENTION

63
The present invention 1s directed to a method for substitut-
ing data packets mto a data stream. In one embodiment the

2

data stream 1s a video data stream. A method 1s provided for
substituting data packets—containing information of the
same or different type—into a data stream, such as a video
data stream, at variable rates using a selection mechanism
driven by link list bufler control.

The mvention provides an efficient and robust means to
substitute packets into a data stream. In particular, the inven-
tion enables more than one type of mformation to be con-
tained with packets that are to be mserted 1nto a data stream.
Additionally, the mvention supports substitution of packets
into a data stream at multiple rates through a sophisticated
rate control mechanism that can vary based on the type of
information within a packet.

Further embodiments, features, and advantages of the
invention, as well as the structure and operation of the various
embodiments of the invention are described 1n detail below
with reference to accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

The 1nvention 1s described with reference to the accompa-
nying drawings. In the drawings, like reference numbers indi-
cate 1dentical or functionally similar elements. The drawing
in which an element first appears 1s indicated by the left-most
digit in the corresponding reference number.

FIG. 11s adiagram of a video processing system, according,
to an embodiment of the invention.

FIG. 2 1s a diagram of a time progression of a video data
stream being processed, according to an embodiment of the
ivention.

FIG. 3 1s a diagram of a packet substitution module,
according to an embodiment of the present invention.

FIG. 4 1s a flow chart of a method for substituting packets
into a data stream, according to an embodiment of the mven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

While the present invention 1s described herein with refer-
ence to 1llustrative embodiments for particular applications, 1t
should be understood that the invention 1s not limited thereto.
Those skilled 1n the art with access to the teachings provided
herein will recognize additional modifications, applications,
and embodiments within the scope thereof and additional
fields 1in which the mvention would be of significant utility.

FIG. 1 provides a diagram of an example video processing,
system 100, according to an embodiment of the invention. A
video processing system, such as video processing system
100, receives video mput streams and manipulates the stream
to properly format an output video stream. Video processing
system 100 can also integrate graphics and text (e.g., teletext)
into the video stream and output a reformatted video stream.
A video processing system, such as video processing system
100, will typically be located within a video processing
device, such as a television or cable set-top box.

Video processing system 100 includes digital input inter-
face 105, analog 1nput iterface 110, video decoder 120,
video and graphics processor 130, video encoder 140 and
video output mnterface 150. Digital input interface 105 can
receive one or more digital video mput streams. Analog input
interface 110 can receive one or more analog video 1nput
streams. Video decoder 120 can support decoding and encod-
ing of both analog and video 1nput signals, and 1s coupled to
the outputs of digital input interface 105 and analog input
interface 110. Video decoder 120 can support high quality
decoding of a standard definition analog composite video
broadcasting signal (CVBS) and S-Video signals, {for
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example. Similarly video decoder 120 can decode digital
video signals that comply with the International Telecommu-
nications Union (ITU) standard ITU-R-656 at varying reso-
lutions including 5251, 6251, and 240p.

Video and graphics processor 130 includes a variety of
functions for processing video and graphics, including inte-
grating video and graphics, and 1s coupled to the output of
video decoder 120. In particular, video and graphics proces-
sor 130 can include MPEG graphics and video feeders, video
scalers, capture blocks, and video compositors for combining
video and graphics.

Video encoder 140 can support both standard and high
definition video signals, and 1s coupled to the output of video
and graphics processor 130. For example, video encoder 140
can support a variety of analog video standards (e.g., NTSC,
PAL, SECAM, 4801, 480p, 720p, and 10801), as well as
digital video standards (e.g., ITU-R-6356 and support for digi-
tal video 1nterface (DVI) encoding).

Video output mterface 150 can consist of a set of analog
and digital output interfaces to support a multitude of video
standards, and 1s coupled to the output of video encoder 140.
Video output interface 150 can be coupled to a video process-
ing device, such as a television, a monitor, or a cable set top
box to display a video signal or for further processing.

The focus of the present mvention primarily relates to
functions that can occur within digital input interface 105.
Digital input interface will typically receive one or more
video data mnput streams. In the case of video data input
streams that are distributed to a cable set-top box, a video data
input stream can contain multiple program channels. FI1G. 2 1s
a diagram that shows a video data iput stream, according to
an embodiment of the invention. FIG. 2 shows how process-
ing 1impacts the contents of a video data input stream.

Specifically, FIG. 2 shows a time progression of a video
data input stream at three points. Video data input stream 203
represents a simplified video data input stream that can be
received by a cable set-top box, for example. Video data input
stream 210 shows video data input stream 205 after video data
input stream 205 has been parsed. Video input stream 220
shows video mput stream 210 after being processed by the
present invention, according to one embodiment of the inven-
tion.

Video data mnput stream 205 contains sixteen packets of
programming information, represented by rectangles con-
taining letters indicating the channel or system information
contained within a packet. For example, packet 206 contains
data for an HBO channel (represented by an H 1n FIG. 2),
packet 207 contains data for system information (represented
by SI), packet 208 represents information for CNN (repre-
sented by C), and packet 209 represents information for
ESPN (represented by E). The information within these pack-
ets will ultimately be processed by video processing system
100 to produce a video signal suitable to display the program
on a television or other monitor. The system information
contained within packet 207 can include information about
how the packets are organized, what type of encryption may
be used, timing information and other information that sup-
ports interpretation and manipulation of the data contents in
video data input stream 205.

Video data mput stream 210 shows video data input stream
205 after video data mput stream 2035 has been parsed. In a
video processing system, such as video processing system
100, program information for one channel needs to be
extracted from a video data input stream, such as video data
iput stream 205, so the program can either be displayed,
recorded or forwarded to another device. Typically, a parser
located within digital input interface 103 extracts those pack-
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4

ets associated with a program channel of interest based on
program 1dentification (PID) information within each packet.

The parsing of the stream potentially leaves time gaps
between packets of interest—in this case HBO packets—
where other packets were removed. A number of approaches
can be used to address the existence of gaps between the
extracted packets. A buller can be used to compress the
remaining packets and remove the gaps or null data packets
can be inserted into the gaps. Additionally, packets containing
system or other information can be substituted into the gaps
(or 1n other words substituted for the original packets that
existed 1n the gaps.)

The invention provides a system and method for substitut-
ing packets for the original packets that existed in the gaps.
Video data mput stream 220 shows video data input stream
210 after that stream has been processed by the invention. In
this case, video data input stream 220 has been divided into
four substitution time intervals—substitution time interval
225, 230, 235 and 240—that each contain four packets. A
substitution time interval represents the time period 1n which
one packet of a particular type should be 1nserted. A typical
duration for a substitution time interval can be around 100 ms,
but 1s not limited to this amount of time. Packets within time
substitution time interval 225 arrive first in time. Packets 1n
substitution time nterval 230 arrive second 1n time. Packets
in substitution time interval 235 arrive third 1n time. Packets
in substitution time interval 240 arrive fourth 1n time.

In this example, a packet substitution module, such as 1s
described 1n detail with respect to FIG. 3 below, substitutes
two types of packets: SI(1) and SI(2). SI(1) refers to system
information that contain system or other types of content
information. SI(2) also refers to system information that con-
tains system or other types of content information. The dif-
terence between SI(1) and SI1(2) 1s the type of information and
that the substitution rate can differ.

For example, 1n the present case an attempt to msert SI(1)
type mformation occurs in every substitution time interval,
whereas an attempt to msert SI(2) type information occurs
every other substitution time interval. FIG. 2 depicts this
approach. Packets 250, 252, and 254 all contain SI(1) type
information, and are inserted 1n substitution time interval 225,
230 and 235 respectively. Similarly, packets 260 and 262 are
inserted 1n substitution time intervals 2235 and 235. There 1s no
attempt to 1nsert an SI(2) packet 1n substitution time interval
230. Finally, because all slots within time substitution interval
240 contain HBO packets, no SI(1) packet will be substituted
in this case. In this case, the packet of SI(1) information that
was to be substituted in substitution time interval 240 will be
placed into the first subsequent substitution time 1nterval that
has a slot that1s not already filled with a packet ol information
that 1s to be retained.

FIG. 3 1s a diagram of packet substitution module 300,
according to an embodiment of the mnvention. Packet substi-
tution module 300 includes packet buifers 310A, 3108,
310C, 310D; multiplexer 320, packet substitution controller
330, direct memory access (DMA) engine 340 and link list
butiler control 350.

Packet buffers 310A through 310C are coupled to multi-
plexer 320 and to DMA engine 340. Packet buifers 310A
through 310C store packets of information, such as SI(1) or
SI1(2) to be substituted mto a video data mput stream.

Multiplexer 320 has five data inputs and one control input.
The five data inputs include coupling to each of packet buifers
310A through 310C, and coupling to video data input stream
365. Referring back to FI1G. 2, video data input stream 365 1s
represented by video data mput stream 210. That 1s, video
data mnput stream 363 1s a video 1nput stream that has been
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parsed, such that the packets for the program of interest have
been retained, but gaps between those packets exist. Multi-
plexer 320 recerves a control mput from packet substitution
controller 330. Based on instructions from packet substitu-
tion controller 330, multiplexer 320 substitutes packets
obtained from packet buifers 310A through 310D into video
data input stream 365. Multiplexer outputs output stream 370.
Referring to FIG. 2, video data input stream 220 1s represen-
tative of the characteristics of output stream 370.

Packet substitution controller 330 1s coupled to multiplexer
320. Packet substitution controller 330 informs multiplexer
320 the rate of substitution, and what packet butfer to use to
substitute a packet into video data input stream 365. In one
embodiment, packet substitution controller can maintain
multiple substitution time intervals, such that packets carry
different types ol information can be substituted 1n video data
mput stream 365 at different rates. In another embodiment,
packet substitution controller can contain a priority control
mechanism, such that a substitution packet will be substitute
for an existing data packet, provided that the substitution
packet has a higher priority than the existing data packet.

DMA engine 340 1s coupled to link list butier control 350
and to dynamic random access memory (DRAM) 360 that
resides external to packet substitution module 300. DMA
engine 340 places packets into packet butlers 310A through
310D. Link list buffer control 350 provides an efficient
mechanism for determining what information should be
placed into packet buffers 310A through 310D.

FIG. 4 1s a diagram of a flowchart of method 400 for
substituting packets into a data stream, according to an
embodiment of the invention. Method 400 begins 1n step 405.
In step 405, a video data mput stream 1s received. For
example, packet substitution module 300 can receive video
data mput stream 365.

In step 410, a gap 1n the received video data input stream 1s
identified. For example, multiplexer 320 can determine that a
null packet exists within video data input stream 365. In one
embodiment 11 no gap exists within a substitution time nter-
val, the packet to be inserted will be retained 1n a packet
butler, such as packet buifer 310. An attempt will be made to
substitute this packet 1n a subsequent substitution time inter-
val. In another embodiment, a gap need not exist. In this
alternative embodiment, a priority control mechanism can
exist 1n which a substitute packet will be substituted even
when another packet of accepted data (e.g., a parser has
passed along data associated with a channel of interest)
already fills the selected slot. The priority control mechanism
can exist 1n a packet substitution controller, such as packet
substitution controller 330, 1n which various priority schemes
can be developed. For example, certain types of system infor-
mation can have greater importance than a data packet carry-
ing information about a program channel of interest.

In step 415, a packet to msert 1s selected. The selection of
a packet can entail several intermediate steps. In one embodi-
ment, link list buffer control 350 can identity packets that a
host system would like to insert into a video data input stream.
Link list buifer control 350 can 1nstruct DMA engine 340 to
place these packets or packet imnto one or more packet butters,
such as packet buflers 310. Once a packet 1s loaded into a
packet buifer, a command from a host system or other con-
troller can be provided to packet substitution controller 330
istructing 1t to attempt to iput the packet into the video data
input stream. Packet substitution controller 330 can instruct
multiplexer 320 to select the packet. Multiplexer 320 would
then select a packet to 1nsert.

In step 420, a packet 1s substituted into a video data input
stream. For example, multiplexer 320 can substitute a packet
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into video data input stream 365. In one embodiment, time
stamps associated with null packets in gaps or for data packets
that are being replaced by a substituted packet are preserved.
In this situation, when an iput stream 1s receirved a time
stamp 1s generated for each packet. Multiplexer 320 preserves
this time stamp when substituting a packet. In this way, alocal
timestamp corresponding to the packet location that the new
packet occupies 1n the stream will be correct.

In step 425, a determination 1s made whether a substitution
time interval has ended. If a substitution time 1nterval has
ended, this indicates that an attempt should be made to 1nsert
another packet into a video data mput stream. In this case,
method 400 returns to step 410. In one embodiment, packets
having different types of information can be substituted. In
this case, multiple substitution time intervals would be moni-
tored to determine when to substitute a packet for each of the
different types of information.

IT a substitution time interval has not ended, method 400
proceeds to step 430. In step 430 a determination 1s made
whether to terminate method 400. For example, a system
shutdown command can be recerved. If a determination 1s
made to terminate method 400, method 400 proceeds to step
435 and ends. If a determination 1s made not to terminate
method 400, method 400 loops back to set 425 and waits until
the substitution time interval ends.

The present method has been described with reference to a
video data stream. Upon review of the teachings herein, indi-
viduals skilled in the relevant arts will recognize how to
extend the present method to other types of data streams.
Such alternatives fall within the scope and spirit of the inven-
tion.

CONCLUSION

Exemplary embodiments of the present invention have
been presented. The invention 1s not limited to these
examples. These examples are presented herein for purposes
of illustration, and not limitation. Alternatives (including
equivalents, extensions, variations, deviations, etc., of those
described herein) will be apparent to persons skilled 1n the
relevant art(s) based on the teachings contained herein. Such
alternatives fall within the scope and spirit of the mvention.

What 1s claimed 1s:

1. A method for substituting packets carrying different
types of data 1into a video data stream carrying program infor-
mation for a desired channel, comprising the steps of:

(a) recerving the video data stream;

(b) parsing the video data stream to remove packets carry-
ing program imnformation unrelated to the desired chan-
nel;

(c) identitying gaps in the parsed data stream where the
packets carrying program information unrelated to the
desired channel have been removed;

(d) selecting packets carrying a first type of data and pack-
ets carrying a second type of data to insert into the gaps

of the parsed data stream, wherein the first and second
types of data are different; and

(¢) substituting the packets selected 1n step (d) mto the
parsed data stream using a multiplexer, wherein packets
carrying the {first type of data are substituted into the
parsed data stream at a different substitution time inter-
val than the packets carrying the second type of data.

2. The method of claim 1, wherein step (e) further com-
Prises:
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substituting the packets selected in step (d) carrying the
first type of data into the parsed data stream at a different
rate than the packets selected 1n step (d) carrying the
second type of data.

3. The method of claim 1, wherein step (e) further com-
Prises:

substituting a packet selected 1n step (d) mto the parsed

data stream for an existing packet in the parsed data

stream when a priority of the packet selected 1n step (d)
1s higher than a priority for the existing packet.

4. The method of claim 1, wherein step (e) further com-
Prises:

(€)(1) determining when a first substitution time interval
and a second substitution time 1nterval has ended;

(e)(11) substituting a packet selected 1n step (d) carrying the
first type of data mto a gap of the parsed data stream
when the first substitution time interval has ended; and

(e)(111) substituting a packet selected in step (d) carrying the
second type of data into a gap of the parsed data stream
when the second substitution time interval has ended.

5. The method of claim 1, wherein the desired channel 1s a
television channel.

6. The method of claim 5, wherein at least one of the first
type of data and the second type of data 1s system information
for video control.

7. The method of claim 5, wherein at least one of the first
type of data and the second type of data 1s system information
for audio control.

8. The method of claim 1, further comprising;

(1) generating a time stamp for at least one of the packets
selected 1n step (d) that corresponds to a local timestamp
associated with a gap 1n the parsed data stream.

9. A method for substituting packets carrying different
types of data 1nto a video data stream carrying program infor-
mation for a desired channel, comprising the steps of:

(a) recerving the video data stream;

(b) parsing the video data stream to remove packets carry-
ing program information unrelated to the desired chan-
nel:;
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(¢) identitying gaps i1n the parsed data stream where the
packets carrying program information unrelated to the
desired channel have been removed;

(d) selecting a packet carrying a first type of data and a
packet carrying a second type of data to msert into the
gaps ol the parsed data stream, wherein the first and
second types of data are different;

(¢) determining when a first substitution time interval and
a second substitution time interval has ended:

(1) substituting the packet selected 1n step (d) carrying the
first type of data mnto a gap of the parsed data stream
when the first substitution time interval has ended; and

(g) substituting the packet selected 1n step (d) carrying the
second type of data mto a gap of the parsed data stream
when the second substitution time interval has ended.

10. The method of claim 9, wherein packets selected 1n step
(d) carrying the first type of data are substituted into the
parsed data stream at a different rate than the packets selected
in step (d) carrying the second type of data.

11. The method of claim 9, wherein a packet selected 1n
step (d) 1s substituted into the parsed data stream for an
existing packet in the parsed data stream when a priority of
the packet selected 1n step (d) 1s higher than a priority for the
ex1isting packet.

12. The method of claim 9, wherein the first substitution
time interval and the second substitution time interval are
different.

13. The method of claim 9, turther comprising:

(h) generating a time stamp for at least one of the packets
selected 1n step (d) that corresponds to a local timestamp
associated with a gap 1n the parsed data stream.

14. The method of claim 9, wherein the desired channel 1s

a television channel.

15. The method of claim 14, wherein at least one of the first
type of data and the second type of data 1s system information
for video control.

16. The method of claim 14, wherein at least one of the first
type of data and the second type of data 1s system information
for audio control.
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